The literature does not present a consistent pattern of altered scapular kinematics in patients with shoulder-impingement syndrome (SIS). Objectives: To perform meta-analyses of published comparative studies to determine the consistent differences in scapular kinematics between subjects with SIS and controls. In addition, the purpose was to analyze factors of the data-collection methods to explain the inconsistencies in reported kinematics. The results of this study will help guide future research and enable our understanding of the relationship between scapular kinematics and SIS. Evidence Acquisition: A search identified 65 studies; 9 papers met inclusion criteria. Sample sizes, means, and SDs of 5 scapular-kinematic variables were extracted or obtained from each paper's lead author. Standard difference in the mean between SIS and controls was calculated. Moderator variables were plane of arm elevation, level of arm elevation (ARM) and population (POP). Evidence Synthesis: Overall, the SIS group had less scapular upward rotation (UR) and external rotation (ER) and greater clavicular elevation (ELE) and retraction (RET) but no differences in scapular posterior tilt (PT). In the frontal plane, SIS subjects showed greater PT and ER, and in the scapular plane, less UR and ER and greater ELE and RET. There was also greater ELE and RET in the sagittal plane. There was less UR at the low ARM and greater ELE and RET at the high ARM with SIS. Athletes and overhead workers showed less UR, while athletes showed greater PT and workers showed less PT and ER. The general population with SIS had greater ELE and RET only. Conclusions: Subjects with SIS demonstrated altered scapular kinematics, and these differences are influenced by the plane, ARM, and POP. Athletes and overhead workers have a different pattern of scapular kinematics than the general population. The scapular plane is most likely to demonstrate altered kinematics. These factors should be considered when designing futures studies to assess the impact of altered kinematics in patients with SIS.
Proper position and orientation of the scapula with respect to the humerus are needed to facilitate shoulder strength, stability, and range of motion needed for daily activities. [1] [2] [3] Altered scapular kinematics have been reported in patients with rotator-cuff disease, specifically, subacromial-impingement syndrome [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and internal rotator-cuff impingement. 16 The reported altered scapular kinematic might contribute to the development of the pathology or result from adaptations to the rotator-cuff pathology. During arm elevation the subacromial space decreases in dimension. [17] [18] [19] Hypothetically, a loss in scapular posterior tilt (PT), external rotation (ER), and upward rotation (UR) reduces subacromial-space volume, leading to rotator-cuff-tendon compression. 20 A literature review 21 revealed inconsistencies in the reported scapular-kinematics alterations in patients with shoulder-impingement syndrome (SIS). Specifically, 4 studies 10, [22] [23] [24] reported less scapular UR, while 1 study 12 reported greater UR and 5 studies 6, 8, 11, 12, 16, 22, 25 reported no differences in scapular UR in subjects with SIS. Seven studies measuring scapular PT had inconsistent findings; four 10, 11, 22, 26 reported decreased scapular PT, two 12, 16 reported increased PT, and one 8 reported no difference in PT in subjects with SIS compared with controls. Seven studies examined scapular ER; 5 reported no differences between controls and SIS 11, 12, 16, 26, 27 and 2 reported decreased ER in SIS. 8, 10 Consistent findings were reported only for clavicular elevation (ELE); 4 studies reported increased ELE with SIS. 11, 12, 16, 26 Two papers examining clavicular retraction (RET) reported inconsistent findings; one 12 reporting an increase in RET and the other 16 no differences in RET in subjects with SIS. That literature review 21 used a narrative method to synthesize results of the individual studies. The increased rigor of the metaanalysis procedure, which uses the original data rather than just the reported means from prior studies, enables the identification of a consistent scapular-kinematic pattern associated with SIS. Moreover, synthesizing the data from published studies through meta-analysis will allow us to explore how data-collection methods of each study affected the outcomes of the study. Specifically, the dissimilarities between studies with respect to plane of arm elevation, arm-elevation angle, and the sample of subjects with SIS may contribute to the inconsistencies in reported scapular kinematics.
Objectives
The purpose of this investigation was to examine published studies of scapular kinematics in subjects with SIS using meta-analysis. Specifically, we collapsed the published data to identify a consistent pattern of scapular kinematics associated with SIS and explored the influence of the data-collection methods and the subject population on scapular kinematics. We hypothesized that patients with SIS compared with controls would have less scapular UR, PT, ER, and RET and greater ELE during arm elevation. We also hypothesized that plane of arm elevation, angle of arm elevation, and the population studied would have an effect on the consistency of the reported kinematics. The information gained by this exploration and analysis of published research will rigorously determine if there are consistent patterns of scapular kinematics in patients with SIS. This will lead to an increased understanding and serve as a guide for future studies that examine mechanisms and treatment of SIS.
Evidence Acquisition Literature Search
A search for published literature was performed in March 2010 in the PubMed, Science Direct, and Ovid databases. The search terms shoulder, human, kinematics (motion), scapula, and rotator-cuff impingement (pathology, disease) identified 64 published papers; 3 additional papers were identified by examining the references. Abstracts were reviewed by 2 authors to determine if the paper compared subjects with SIS with those without SIS, presented scapular-kinematic variables, and was not a review article. From the abstract review, 14 papers met the 3 defined criteria for full-text review. Titles of these 14 papers were entered into Science Citation Index (Thomson Corp, New York, NY), and this forward search identified no additional papers.
Literature Review
Papers were randomly assigned to 2 authors for full review to determine if they met the inclusion criteria for analysis. If the 2 reviewers did not agree, a third author was randomly assigned to review the paper to break the tie. Inclusion criteria were developed to ensure that shoulder pain was clinically diagnosed as SIS (either subacromial or internal impingement) and to ensure consistency of kinematic methods so that differences between SIS and controls would not be attributed to the kinematic motion-capture methods. To be included, papers needed to meet all inclusion criteria:
• The paper provided a clear description of the inclusion and exclusion criteria (Table 1) ; subjects with a shoulder surgery or dislocation and shoulder-girdle fracture or shoulder pain produced by neck motion were excluded.
• A health care professional diagnosed SIS, which was confirmed by various clinical-examination methods described in the paper.
• The paper presented a clear detailed description of the techniques used to measure kinematics of the shoulder girdle included in Figure 1 . Description of scapular-motion coordinate systems. Definition of the scapular motions, a minimum of 1 of the 5 kinematic variables was presented in the paper. If an Euler sequence of coordinate-system rotations was used to calculate scapular rotation, then the sequence of rotation were consistent with the International Society of Biomechanics recommendations. 28 • Scapular-kinematic variables were collected during open-chain arm elevation. Nine papers met all inclusion criteria and were included for full-text review (Tables 1 and 2 ). The 5 papers that were excluded and the reasons for their exclusion are listed in Table 3 . Each of the 9 papers included in the full-text review was randomly assigned to 2 authors to determine quality of the research using the quality-assessment tool described below, and the average was used for the final quality score. Figure 2 depicts the flowchart of the literature-search and -review steps, and Tables 1 and 2 present the summary of the 9 included papers.
Quality Assessment
A research quality-assessment tool 29 used for a metaanalysis of ankle kinematics was adapted for the shoulder (see the Appendix). This tool was developed to assess the threats to internal, external, and construct validity described by Cooke and Campbell 30 specifically for kinematic studies. Questions concerning the diagnosis of SIS were added to the internal-validity section, and questions about the method of motion capture and description of shoulder motions were added to the external-validity section ( Figure 3 ). Each paper was scored on the 22-point quality scale by 2 authors, the score was recorded as a percentage, and the average was reported (Table 4) . Some authors of this meta-analysis were authors of papers Abbreviations: SAIS, subacromial-impingement syndrome; SIS, shoulder-impingement syndrome; FT-RCT, full-thickness rotator-cuff tear.
Table 1 (continued)
entered into the systematic review; none of them reviewed a paper in the systematic-review or the quality-assessment phase that he or she had authored. The quality review was conducted to determine the effects of study design on the studies' reported outcomes. A minimum quality-assessment score was not established for inclusion of a paper in the meta-analysis, as there is not an established cutoff score. To determine if study quality affected the outcomes, we conducted a metaregression with the effect size regressed on the quality score. Similar to bias assessment, the 5 outcome variables were analyzed separately. When multiple levels of an outcome occurred within a study (eg, multiple planes of motion), the levels were averaged to create a mean effect size for the study. Bias is more appropriately related to studies, not outcomes, and because bias can have multiple causes (eg, study quality), that would be expected to affect all of a study's outcomes. 31 
Data Extraction
The scapular and clavicular kinematic (UR, PT, ER, ELE, and RET) mean and standard-deviation data were identified in each paper by 1 of the authors and entered into the For scapular UR there were no between-groups differences at all 3 test positions; the SIS group had less PT at the 90° and maximal positions than the control group; and for ER there were no between-groups differences for all 3 test positions of 0°, 90°, and maximum arm elevation in the scapular plane. Scapular inferosuperior position: greater elevated position at 90° and maximum arm elevation. Scapular mediolateral position: no between-groups differences for all 3 test positions.
Subjects with SIS showed less PT and greater superior scapular position in the 90° and maximum arm-elevation positions in the scapular plane than those without SIS.
Ludewig and Cook 10
For scapular UR, subjects with SIS had less UR at 60° arm elevation than controls, but no differences at 90° or 120° elevation were found. For scapular PT, subjects with SIS had less PT at 120° than controls, and for scapular ER subjects with SIS had less ER.
Subjects with SIS showed less scapular PT, less ER, and less UR than subjects without SIS did.
Graichen et al 6 No significant difference in UR, PT, or ER was found between the groups. A subset of 5 subjects with SIS showed a significant increase in glenoid rotation.
Subjects with SIS showed no differences in scapular motion from subjects without SIS.
Borstad and Ludewig 4
Subjects with SIS had significantly less scapular UR at 40° and 60° arm elevation and significant decrease in PT at 100° and 120° of arm elevation during both eccentric and concentric phases. Subjects with SIS had significantly more scapular internal rotation at 120° arm elevation during the eccentric phase.
Small differences in scapular PT and ER between eccentric and concentric occurred at arm-elevation angles greater than 80° in subjects with and without SIS.
Hebert et al 8 During elevation in the sagittal plane, subjects with SIS had less UR and ER while having more PT than controls. During arm elevation in the frontal plane subjects with SIS had less UR, ER, and PT than controls.
The contribution of rotations and scapular total range of motion differed according to the plane of arm elevation in the SIS group. Group analyses revealed no differences in 3D scapular attitudes between symptomatic and asymptomatic shoulders of subjects with unilateral SIS.
Su et al 24 Significant differences were not found between the groups. Fatigue produced differences, with healthy group having more UR at 45°, 90°, and 135° arm elevation.
Scapular kinematics were affected after swimming activity.
Laudner et al 16 The SIS group showed increase PT and clavicular elevation. No differences in UR, ER, or clavicular retraction.
Throwing athletes with internal impingement had more clavicular elevation and scapular PT.
McClure et al 12 SIS subjects had increased UR, PT, clavicular elevation, and retraction than controls.
SIS subjects had modest differences in scapular kinematics compared with controls; these differences were greatest at the midrange of arm elevation.
Roy et al 14 Subjects with SIS had more UR in all positions, more PT and ER at 70° flexion; SIS had less PT and ER at 90° abduction.
Scapular kinematics could be reliably determined in subjects with and without SIS, and subjects with SIS had alterations in 3D scapular kinematics.
Abbreviations: UR, upward rotation; PT, posterior tilt; SIS, shoulder impingement syndrome; ER, external rotation meta-analysis spreadsheet; the entered data were verified for correctness by a second author. If the kinematic data could not be directly extracted from the paper, the authors were contacted and they provided the data. Data-collection methods may affect the effects of SIS on the scapular kinematic variables; therefore, we created moderator variables to assess for these confounding effects. Moderator variables were population (overhead workers, athletes, or general population), level of arm elevation (below 90°, above 90°), and plane of arm motion (frontal, scapular, or sagittal). Outcomes were categorized by moderator variables after thorough evaluation of the Methods section of each paper (Table 5) .
Statistical Methods
Statistical analysis was performed using Comprehensive Meta-Analysis (version 2.2.034; BioStat International, Inc, Tampa, FL). Intraclass correlation coefficients (ICC 3,1 ) were calculated to determine the interrater Finley et al 46 Subjects in this investigation performed closed-chain shoulder motions.
Mell et al 25 The paper did not clearly state subject inclusion and exclusion criteria.
Hallstrom et al 7 Did not present scapular kinematic data. Met inclusion criteria after abstract review because the abstract suggested that scapular kinematic data were presented.
Hallstrom et al 47 Scapular motions were not defined in a manner that would allow for comparisons with other papers, and scapular motion was not calculated following ISB recommendations.
Abbreviations: ISB, International Society of Biomechanics. To analyze the overall differences for each of the 5 scapular variables between SIS and control subjects, we used the Z statistic to test whether individual and standard difference of the means (SDM) was different from zero. 33 To determine if the fixed-or random-effects model should be used to assess differences, we first assessed heterogeneity of the effect sizes among the studies using the Q statistic. A significant Q statistic, which approximates the χ 2 statistic for meta-analysis, indicates that the between-studies variance was greater than chance. If the Q value was significant (P < .05), we computed the Z statistic using the random-effects model; if P > .05, we used the fixed-effects model. 34 The standardized residual was used to identify outcomes that were outliers. Studies with residuals greater than or equal to 3.0 were deleted from the analysis. 34, 35 To analyze the effects of the moderator variables, we performed analyses using the grouping variables of arm angle, plane of arm elevation, and population. For arm angle, we collapsed the angles into 2 categories; arm angles from rest to 80° were classified as low angles, and data collected at arm angles from 90° to maximum were high arm angles. Arm angles were collapsed because of the large number of arm angles studied (N = 11) and the low number of outcomes (1-3) for most individual arm angles. To compare between grouping variables, we used a mixed-effects analysis, using the Q statistic to determine if there were differences between the grouping variables.
To assess for bias, each of the 5 kinematic variables was analyzed separately. When multiple levels of an outcome occurred in a study (eg, multiple planes of motion), the levels were averaged to create a mean effect size for the study. Bias is more appropriately related to studies and not outcomes, and bias can have multiple causes (eg, study quality) 31 that would be expected to affect all of a study's outcomes. Mean effect sizes were analyzed using the Egger regression-intercept method 36 and the Duvall and Tweedie 37 trim-and-fill procedure.
Evidence Synthesis Quality Assessment
Results of the quality review are reported in Table 4 . The quality-assessment scores from 2 reviewers had excellent reliability (ICC 3,1 = 0.91; 95%CI 0.44-0.96). The mean quality score was 70.8% ±14.0%, range 42.9% to 90.0%. Study quality was not found to be related to effect size for any of the outcome variables: PT (slope = 0.02, P = .07), UR (slope = 0.006, P = .39), ER (slope = 0.001, P = .91), ELE (slope = -0.02, P = .31), and RET (slope = -0.006, P = .79).
Bias Results
There was no bias detected for PT (intercept = 1.3, P = .75), ER (intercept = 1.94, P = .53), or ELE (intercept = 1.25, P = .80). The trim and fill confirmed these results, with no studies trimmed for these outcomes. Bias was detected for UR (intercept = 4.4, P = .06) and RET (intercept = 0.57, P = .01). For UR, the trim-and-fill procedure trimmed 3 studies and yielded a corrected effect size of 0.007. For RET, 2 studies were trimmed, yielding a corrected effect size of -0.27, suggesting that the bias was minimal.
Meta-Analysis
Study participant characteristics and inclusion and exclusion criteria are reported in Tables 1 and 2 . There was inconsistency in participant characteristics with respect to population; therefore, study populations were categorized as athletes, overhead workers, or a general population according to the authors' description.
Main Effects-Overall
Testing for heterogeneity of the outcomes was significant for PT (P ≤ .001), UR (P ≤ .001), ER (P ≤ .001), and ELE (P = .006). Meanwhile, the test for heterogeneity of RET was not significant (P < .05). Using a fixed-effects model, there was significantly greater RET (z = -4.09, ES = 0.26, P ≤ .001). Using the random-effects model, there were no significant differences between SIS and controls for PT (z = 1.38, P = .17). The random-effects model revealed significantly less scapular UR (z = 3.08, ES = 0.26, P = .002) and less ER (z = 2.33, ES = 0.21, P = .020) and significantly greater ELE (z = 3.93, ES = 0.31, P ≤ .001) in subjects with SIS than in controls. The forest plots are presented in Figures 4-7 .
Moderator Variables' Effects
Plane of Elevation. Comparing across planes of arm elevation, there were significant differences in PT (P = .002), UR (P < .001), and ER (P = .003), but no differences in RET (P = .473) and ELE (P = .683). In the frontal plane there was significantly greater PT (z = 3.04, P = .002) and greater ER (z = -2.11, P = .035) in patients with SIS than in controls. There were no differences between groups in the frontal plane in UR (P = .623). There were no outcomes for the frontal plane for ELE or RET. In the scapular plane, there was significantly less UR (z = 4.12, ES = 0.47, P ≤ .001) and ER (z = 2.68, ES = 0.39, P = .007) and greater ELE (z = 2.65, ES = 0.29, P = .008) and RET (z = -3.08, ES = -0.28, P = .002) in patients with SIS than in controls. There were no differences in PT (P = .076) between patients with SIS and controls in scapular-plane elevation. In the sagittal plane there was significantly greater ELE (z = 3.44, ES = 0.35, P ≤ .001) and RET (z = -1.96, ES = 0.19, P = .050) but no differences PT (P = .726), UR (P = .264), or ER (P = .429) in the sagittal plane.
Angle of Arm Elevation. There were significant differences between high and low arm angles for UR (P = .013) and ELE (P = .020) but no significant differences between high and low arm angles for PT (P = .728), ER (P = .982), and RET (P = .296). At the low arm angles, there was significantly less UR (z = 3.36, ES = -0.50, P = .001) in the patients with SIS than in controls. There were no differences between groups in PT (P = .352), ER (P = .126), ELE (P = .211), and RET (P = .152) at the low arm angles. At high arm angles there was significantly greater ELE (z = 4.03, ES = -0.40, P ≤ .001) and RET (z = -3.853, ES = -0.36, P ≤ .001) for the patients with SIS than for controls but no differences in PT (P = .249), ER (P = .088), and UR (P = .471).
Population. There were significant differences between populations for PT (P ≤ .001), UR (P ≤ .001), and ER (P = .002). There were no differences between populations for ELE (P = .189) and RET (P = .658). In the general population, patients with SIS displayed greater ELE (z = 3.83, P ≤ .001) and RET (z = -4.06, P ≤ .001) than controls, but there were no significant differences in PT (P = .866), UR (P = .554) and ER (P = .957) for the general population. Athletes with SIS displayed greater PT (z = -3.37, ES = -0.66, P = .001) and less UR (z = 3.99, ES = 0.70, P ≤ .001) than controls, but there were no significant differences in scapular ER (P = .351), ELE (P = .693), and RET (P = .562) for athletes. Overhead workers with SIS displayed less PT (z = 3.51, ES = 0.83, P ≤ .001), UR (z = 3.36, ES = 0.64, P = .001) and ER (z = 3.59, ES = 1.05, P ≤ .001) than control subjects.
Discussion
The purpose of this meta-analysis was to identify consistent differences in scapular kinematics in patients with SIS. These differences in scapular motion might lead to the development of SIS or represent adaptations in scapular motion due to the SIS. When the data from prior studies 4, 6, 8, [10] [11] [12] 14, 16, 24 were collapsed using meta-analysis, patients with SIS displayed a consistent pattern of less UR, less ER, greater ELE, and greater RET than healthy controls. These results concurred with our hypotheses of less scapular UR and ER and greater ELE in SIS but conflicted with our hypotheses of less RET and less PT. Abnormal scapular and clavicular kinematics are commonly cited biomechanical extrinsic mechanisms associated with a reduction of the subacromial space and compression of the rotator-cuff tendon. 21, 32, 38 Specifically, decreased scapular UR, PT, and ER are theorized to reduce subacromial space and thus contribute to SIS etiology. Clavicular protraction (less retraction) is theorized to accompany scapular internal rotation, while ELE is theorized to accompany scapular anterior tilt. Thus, less RET and greater ELE may diminish subacromial space and contribute to the impingement. Our meta-analysis results (Table 6) indicate that most scapular-kinematic differences between patients with SIS and controls are those theoretically related to a decrease in subacromial space and SIS. The meta-analysis also explored the influence of data-collection methods, revealing that the plane of arm elevation, the angle of arm elevation, and the type of activity of the population studied have an effect on the scapular-kinematic differences between subjects with SIS and controls.
Plane of Arm Elevation
Subanalyses indicated an effect of plane of arm elevation on 3-dimensional kinematics. During frontal-plane elevation, SIS patients showed greater PT and ER. During scapular-plane elevation, SIS patients showed less UR and ER and increased ELE and RET than controls. The same pattern was seen in the sagittal plane of increased ELE and RET in SIS patients. The results between planes of elevation for ER are conflicting, with decreased ER in the scapular plane and increased ER in the frontal plane. This is in part due to the posterior shoulder tightness associated with SIS, because with the arm in a more anterior position the tight posterior soft tissue would pull the scapula into a more internally rotated position. In the scapular and sagittal planes, there was an increase in ELE and RET, with small to medium effect sizes in both planes.
Three studies examined scapular kinematics in more than 1 plane of motion. McClure et al 12 explored arm motion in the sagittal and scapular planes, while Hebert et al 8 and Roy et al 14 looked at arm motions in the sagittal and frontal planes. The greatest differences between those with SIS and controls are seen in scapular-plane arm elevation, possibly due to the decreased constraints to scapular motion. The difference in kinematics seen between planes of motion might be an adaptation in scapular motion to reduce pain during arm elevation or due to more pronounced pain in one plane versus another.
Angle of Arm Elevation
Although there is limited evidence to support the impact that scapular and clavicle alterations have on subacromial space, the results of this meta-analysis suggest that those with SIS are likely to display less scapular UR. Furthermore, less scapular UR appears to be a factor present at lower angles of arm elevation (below 90°) and in the scapular plane. In vivo biomechanical data 39 suggest that humeral elevations up to 90° but not beyond are positions where the rotator-cuff tendons lie directly beneath the anterior acromion and, therefore, are susceptible to extrinsic impingement. Above 90° of humeral elevation, the rotator-cuff tendons move medially and posteriorly and are no longer susceptible to mechanical impingement by the acromion. Thus, further research to determine whether rehabilitation for individuals with SIS should focus on the timing and motor control of UR below shoulder height, instead of increasing scapular total motion, is warranted. In contrast, results of this meta-analysis suggest that greater ELE is present in SIS, particularly in higher positions of arm elevation (greater than 90°). This finding is supported by a treatment study 40 that found that focusing on motor control and quality of motion to minimize excessive clavicular elevation at higher elevation angles is effective in treating SIS.
Population
Analysis of the moderator variable of population produced results that further illustrate the complexity in the mechanisms of SIS. Athletes and overhead workers with SIS showed different patterns of PT; athletes displayed increased PT and overhead workers had decreased PT. This may be due to the underlying pathology seen in athletes (throwers) by Laudner et al, 16 which is driving this finding. Throwers were diagnosed with internal impingement, suggesting that their primary pathology was the result of articular-sided posterosuperior rotatorcuff pain, theorized to be due to a loss of glenohumeraljoint mobility of the posterior shoulder. Overhead athletes diagnosed with internal impingement have demonstrated a loss of posterior shoulder flexibility. [41] [42] [43] [44] [45] Posterior shoulder tightness has been shown to influence scapular position during humeral rotation 41 by pulling the scapula into more PT when the humerus is internally rotating with the arm in 90° of abduction. This position may also be 366 Table 6 a compensation to unload the posterosuperior structures of the shoulder. Increased scapular PT would likely decrease the contact forces between the posterosuperior labrum and rotator cuff. The increase in PT in throwing athletes may also be the result of repetitive effects of throwing. 42 Laudner et al 16 included only subjects with internal impingement and excluded those with subacromial impingement. Inclusion criteria from the other papers of this meta-analysis did not clearly indicate if overhead throwing athletes were included in the samples. Moreover, the studies that classified subjects as "general" population may have included subjects who could have been classified as either overhead athletes or workers.
Our results of increased PT in athletes and decreased PT in overhead workers suggest that the occupation of the patient is an important consideration when assessing scapular kinematics. Five papers identified in the literature review did not meet all inclusion criteria for the meta-analysis (Table  4) . Inclusion of these 5 papers may have affected the results of this meta-analysis, because the results of some of these papers are contrary to the results of this metaanalysis.; Specifically, Endo et al 22 reported less UR and greater PT in patients with SIS, while Finley et al 46 and Hallstrom and Karrholm 7, 47 reported that patients with SIS had greater UR at lower arm-elevation angles, and Mell et al 25 reported no effect of SIS on UR. None of the excluded papers reported clavicular-kinematic outcomes. The populations studied in the excluded papers would have been classified as general population, so no further information concerning the population modifier variable would have been gained by including these papers.
The limitations of this meta-analysis need to be considered. The variability of the data-collection methods and reporting of outcomes required us to use a randomeffects model. A random-effects model is used when there is not a single effect size being estimated but, rather, a family of effect sizes. Thus, the overall effect size is the average of this family, not a single point value. Because of this, we were not able to calculate the mean differences in the kinematic variables associated with SIS. The small number of studies at specific arm-elevation angles did not allow for further arm-angle analysis. We addressed this limitation by collapsing outcomes as high and low arm-elevation angles. There were also several different motion-capture techniques used to measure the kinematic outcomes. Without information on how the different techniques compare, it is difficult to control for this limitation. Studies included in this meta-analysis needed to state the motion description and coordinate systems used so that we could ensure the collapse of similar data. Many of the studies did not state the duration or intensity of the subjects' pain, thus making it difficult to determine if pain affected the kinematics. Pain may explain the magnitude of the scapular-kinematic alterations or be related to a specific kinematic alteration found in patients with SIS. Finally, the different patterns of scapular motion found in the overhead workers and the athletic population may be due to the specific diagnosis of internal impingement. Rotator-cuff disease is a complex condition with multifactorial etiology. These causative factors may present singularly or in combination in any given patient with the diagnosis of SIS, thus potentially leading to a variety of altered scapular-motion patterns and compensations during arm elevation. This meta-analysis was performed to identify consistencies in scapula kinematics in subjects with SIS. We collapsed the data from case-control studies, and these results can aid in the development of future mechanistic studies of the role of scapular kinematics in SIS and in clinical studies aimed at changing the altered scapular-kinematic patterns in SIS.
Conclusion
Overall, a pattern of decreased scapular UR and ER and increased ELE and RET was found in subjects with SIS, but no alterations in scapular PT. This is in contrast to our hypothesis, which is likely related to the nonhomogeneous population of SIS subjects in the studies. The general population showed only greater ELE and RET, while athletes displayed greater PT and less UR, and overhead workers showed less PT, UR, and ER than control subjects. Analysis of the moderator variable of arm-elevation angle revealed less UR at low (below 90°) arm angle. Because UR is hypothesized to decrease subacromial space, a focus on scapular control at low arm angles may be advantageous. The plane of humeral elevation affects scapular kinematics, and the greatest differences of less UR and ER along with greater ELE and RET were seen during scapular-plane arm elevation. Therapeutic exercise programs designed to improve scapular control might be more effective if exercises are performed in the scapular plane. Further investigation of scapular kinematics in subgroups of SIS, controlling for arm angle and elevation angle, is warranted.
